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Introduction
Cu is the current and future interconnect material in high-end microprocessors and memory devices because of its lower electrical resistivity and higher electromigration resistance than aluminum. Dual damascene Cu electroplating is now commonly used in semiconductor devices usually employing a mixture of CuSO 4 /H 2 SO 4 . To achieve a socalled bottom-up or super-conformal deposit, various types of organic additives are also added (1) (2) . Moreover, additives such as bis-(3-sodiumsulphopropyl disulphide) (SPS) that are used as accelerators enhance the bottom-up fill capability of Cu electroplating (3) .
The inhibiting effects of polyethylene glycol (PEG) during copper electroplating has also been studied (4) . PEG-Cl electrolyte that is commonly used as a suppressor in semiconductor Cu electroplating bath decomposes to PEG of smaller molecular weight at the cathode. The smaller molecular weight PEG is found to have less adsorption ability on the electrode surface, and thus its inhibiting effect on copper reduction decreases gradually.
In this study, we report methanesulphonic acid (MSA) is an alternative electrolyte system which could replace sulphuric acid in practical applications. MSA is a strong electrolyte and its conductivity in water is similar to other strong acids such as sulphuric or hydrochloric and higher than that of other organic acids (5) . Nevertheless, MSA has a "green" character in two different ways. Firstly, it is odorless and does not generate toxic gas fumes which make it very safe to handle (5) . Secondly, it is readily biodegradable and recyclable (6) . Recycling of MSA is readily achieved because of its excellent solubility in water so that it can be extracted from an organic phase with small amounts of water. These result in easily treatable effluents that are less hazardous compared to all other commercial baths such as sulphate, chloride, fluoride, etc. MSA also attract great attention because of its non-oxidant characteristics compared to other traditional electrolytes, i.e. sulphate, nitrates, etc. Additionally, MSA solutions are easy to handle since it remains in liquid form down to -60 °C (H 2 SO 4 : 3 °C) and it has a greater thermal stability than other organic acids. The baths produce a reduced amount of waste and sludge, and thus the early investment of resources can be minimized. Nevertheless, information on the fundamental properties of such electrolytes in the "open" scientific literature is very scarce. This paper will report the basic electrochemistry of Cu metal ion deposition in aqueous MSA solution by comparison with the traditional sulphate bath.
Here, we will present electrodeposition of Cu on Ni sputtered Si substrate patterned using optical photolithography. We also report the fabrication of 1D Cu nanorods based on the anodized aluminum oxide (AAO) mediated direct electrodeposition technique from the MSA plating bath for interconnects in ULSI and MEMS applications.
Experimental
Cu methanosulphonate was prepared as follows. Cu(OH) 2 was first precipitated from the sulphate solution using NaOH (excess) accordingly the following equation: [1] 31.21 g (0.125 mol) of Cu sulphate pentahydrate (Fisher Scientific, analytical reagent grade) was dissolved in water and poured slowly in aqueous solution of sodium hydroxide (10 g, 0.25 mol) (Sigma-Aldrich, reagent grade, 97%). The bluish slurry Cu hydroxide was washed with deionised water (DI). Cu electrodeposition on Si substrates were carried out using a mask with arrays of (100 µm x 100 µm) features and a pitch of 400 µm. These features were patterned in Ni After the electroplating the resist was stripped in acetone; the wafer was then rinsed and dried with nitrogen. 1D nanoscale electrodeposition for noble interconnects in 3D
integration of ULSI and MEMS application was performed on commercial anodized aluminium oxide (AAO) Anodisc membranes (Whatman, 10 9 pores per cm 2 ). The complete fabrication process of Cu nanorods is illustrated in Fig. 1 was analysed using Philips X'pert XRD software).
Results and Discussion
The electrochemical window of the background electrolyte of 1M aqueous methanesulphonic acid and sulphuric acid solutions (Fig. 2 ) in the cathodic direction was measured by cyclic voltammetry. The small current, which remains constant over the potential interval from 0 to -0.3 V, is not due to a Faradic process, but is merely a capacitive current associated with the action of a continuous potential change during the cyclic voltammetry experiment. On the other hand, the sharp current rise at -0.4 V is due to hydrogen evolution. Thermodynamically, hydrogen evolution on an electrode surface can occur starting from 0 V SHE . In this case the overpotential of 0.3 V for hydrogen evolution reflects the activation barrier that has to be overcome for the formation of hydrogen gas on the GC electrode in the methanesulphonate bath. No electrochemical reaction on the GC electrode takes place at potentials more positive than -0.3 V. Fig. 3 (a) shows two cyclic voltammograms of the Cu deposition obtained from methanesulphonate and sulphate baths during the forward sweep to lower potentials. In methanesulphonate a sharp rise at around 0.125 V is observed by comparison with 0.05 V in sulphate bath that passes through a maximum at around 0 V corresponding to -0.160 V for sulphate bath, and then decreases due to the increase of the diffusion layer thickness.
In the reversed sweep, the current passes through zero at around 0.275 V before oxidation commences. This crossover potential is a good approximation of the equilibrium potential.
It is seen that the cathodic peak maximum is shifted by 0.160 V to a more positive potential values in methanesulphonate bath (full line) compared to the sulphate bath (dotted line), thus, the critical over-potential for Cu deposition on GC electrode is much lower in the methanesulphonate. In addition, the cathodic peak current (I p = 0.019 A/cm 2 )
in methanesulphonate bath is also higher than that obtained in sulphate bath (Ip = 0.014 A/cm 2 ), implying that the amount of Cu deposit at the same potential interval and sweep rate is particularly higher in the methanesulphonate bath. The nucleation loops shown in times. This behavior is expected for reduced species that are insoluble in the electrolyte such as in metal nucleation and phase growth. However, it can be seen from the Fig. 4 that at the same potential steps, the current transient in methanesulphonate bath is significantly steeper than the sulphate bath which represents a faster nucleation rate in this bath at similar potentials.
The determination of the diffusion coefficient of Cu 2+ ions in the methanesulphonate bath is estimated using Cottrell equation (7). 6 ]. The high efficiency of the methanesulphonate bath can be interpreted, at least partially in terms of the methanesulphonate anion acting as an accelerator when added as the Cu salt itself. shown in Fig. 6(b) , it can also be seen that the dimension of the developed features are linear square size i.e., no side wall undercutting or voids are observed. Therefore, the photolithography assisted Cu interconnects fabrication is viable in methanesulphonic acid electrolyte.
It is well known that the properties of metallic films differ remarkably from the bulk materials when the thickness of the metallic films decreases to sub-micron or nano-scale length (9-10). Here, the electrical resistivity of Cu thin film is estimated using a fourpoint probe technique according to the following equation: [4] G is the geometric factor has a unit of lengths and given by the following equation (11):
Where, C is the additional correction factor due to finite dimension of the film, a and d
are the length and breadth, s is the probe spacing. were solid rather than the tubes achieved in the sulphate system described in reference 13.
Thus it would appear that the suppression effects of that combination of additives do not govern the deposition type in the MSA bath and high rate solid structures are achieved.
Indeed it may be that the MSA anion acts as an accelerator for Cu deposition and leads to the enhanced kinetics for deposition observed in the voltammetry and chronoamperometry. The XRD pattern reveals that Cu nanorods are polycrystalline having a preferred orientation of (111); the peaks from Ni seed layer are also apparent, (200) and (220) orientations, at the same pH (0.45).
Conclusion
Methanesulphonic acid has been shown to be a potential electrolyte for Cu electrodeposition. In this paper, we presented a preliminary study of Cu electrodeposition on the glassy carbon electrode from the methanesulphonic and sulphuric acid electrolytic 
